Introduction
An antioxidant prevents the oxidation of other molecules. Transferring electrons or hydrogen from a substance to an oxidizing agent is called oxidation. Oxidation reactions can create free radicals and in turn, these radicals can begin chain reactions. When a chain reaction happens in a cell, it may result damage or death to the cell. Removing free radical intermediates by antioxidants abort these chain reactions and inhibit other oxidation reactions. Antioxidants do this by being oxidized themselves, therefore antioxidants are often reducing agents such as thiols, ascorbic acid, or polyphenols [1] [2] [3] [4] [5] .
Although oxidation reactions are very important for life, oxidation reactions may also be harmful; plants and animals maintain complex systems of multiple types of antioxidants, such as glutathione, vitamin C, vitamin A, and vitamin E as well as enzymes such as catalase, superoxide dismutase and various peroxidases. Inadequate levels of antioxidants or prevention of the antioxidant enzymes result stress and might harm or kill cells. Oxidative stress is harm to structure and function of cell by overly reactive oxygen-containing molecules and chronic excessive inflammation. Oxidative stress sounds playing a substantial role in many human diseases, including cancers. The use of antioxidants in pharmacology is thoroughly studied, particularly as treatments for stroke and neurodegenerative diseases. Therefore, oxidative stress can be considered to be both the reason and the result of some diseases [6] [7] .
Oxidative stress is the superiority of reactive oxygen structures (ROS) to antioxidant structures eliminates them. If these structures increase in the organism, it can damage main cellular structures such as protein, lipids and DNA. Oxidative stress can disrupt normal cellular signaling mechanisms. Oxidative stress can lead to many diseases in humans such as cancer [8] , Parkinson's [9] and Alzheimer's disease [10] [11] [12] [13] [14] , atherosclerotic disease [15] , autism [16] , chronic fatigue syndrome [17] . In many of these events, it is uncertain if oxidants initiate the disease, or if they are caused as a secondary consequence of the disease and from general tissue damage; one event in which this link is particularly well-understood is the role of oxidative stress in cardiovascular disease. Here, low density lipoprotein (LDL) oxidation seems to lead the process of atherogenesis, which results in atherosclerosis, and finally cardiovascular disease [18] [19] . [20] and [21] also showed the relationship between Oxidative stress and coronary artery ectasia in their studies. There are findings showing that oxidative and nitrosative stress has a role in the pathogenesis of epilepsy [22] . Today's findings suggest that epileptogenesis causing from a structural process is mediated by oxidative stress which resulted in the change of the structure of cellular protein, membrane lipids and the nucleic acid [23] . Many studies also have shown that monotherapy or combined antiepileptic therapy increase oxidative stress. Detection of antiepileptic that does not increase oxidative stress or increase minimum is important to treat the disease.
There are several markers that show oxidative stress in the body. A portion of these markers have oxidant and the other portions of these markers have antioxidant properties. It can be taken knowledge about oxidative stress level with the measurement of these oxidant-antioxidant markers. However, measurement of one or more of these markers does not provide information about the total oxidative stress [24] . Levels of total antioxidant capacity (serum) (TAS) reflect the total effect all antioxidants found in plasma and body fluids. Antioxidants such as albumin, uric acid, ascorbic acid, vitamin E and bilirubin are molecules forming the main contribution to the total antioxidant capacity. Total oxidant status (TOS) reflects total effects of oxidants in plasma and body fluids. Oxidative stress index (OSI) found by proportioning of TOS levels to TAS level is a parameter indicating the direction of the body's oxidant-antioxidant balance [25] [26] .
TAS was determined by a new automated measurement method, invented by [25] . By this method, hydroxyl radical, the most potent biological radical, is produced. Therefore, TAS value could not be estimated using by any methods so far. This is the first study estimating TAS value with DBP, SBP and age.
The interaction between doctors and engineers from different field led the exceptional occasions almost in every subject. This has just possible because of the emergence multidisciplinary technologies during past few years. The progresses in computer technology are playing a major role in development of medical diagnostic systems with demand for development of more intelligent and knowledge based systems. Computerized technologies to assist in diagnosis and access the related information are also used by the medical practitioners. They contradict in diagnosis and opinions s medical diagnosis is full of uncertainty. Decision support and expert systems with powerful reasoning capabilities in the form of approximate reasoning are ensured by fuzzy techniques. Powerful framework for combination of evidences and deduction of consequences based on knowledge stored in are also provided by fuzzy logic. Fuzzy logic can supply precise from what is imprecise [27] .
Fuzzy logic is widely used so in medicine such as [28] used fuzzy logic to predict cancer. [29] also studied cancer risk analysis by fuzzy logic. [30] formed a decision support system for the diagnosis of Asthma severity using fuzzy logic, and [31] also detected heart diseases using fuzzy logic. [27] designed a fuzzy expert system to diagnosis of cardiac diseases. [32] performed evaluation of breast cancer risk by fuzzy logic. [33] also studied to diagnosis of lung cancer using neuro fuzzy logic. [34] designated (architected) an algorithm to detect malaria diagnosis using fuzzy logic for treatment in Ghana.
The purpose of this paper is to calculating of total antioxidant capacity by employing the fuzzy logic.
Why Use Fuzzy Logic?
The fuzzy logic method was preferred to current mathematical models because of its ability in modeling the obscurity in the related problem, working with lower cost and easy application, level of higher mechanical intelligence, solving new problems by using the experience of the model within the framework of the rules defined in the model, flexible structure, compatibility for solving the insufficiently defined problems, and use of intuitive methods instead of a specific algorithm.
Here is a list of general observations about fuzzy logic:  Fuzzy logic is conceptually easy to understand and is a more intuitive approach. The mathematical concepts behind fuzzy reasoning are very simple.  Fuzzy logic is flexible.  Fuzzy logic is tolerant of imprecise data.  Fuzzy logic can model nonlinear functions of arbitrary complexity.  Fuzzy logic can be built on top of the experience of experts.  Fuzzy logic is based on natural language. Because fuzzy logic is built on the structures of qualitative description used in everyday language, fuzzy logic is easy to use.
The last statement is perhaps the most important one and deserves more discussion. Natural language, which is used by ordinary people on a daily basis, has been shaped by thousands of years of human history to be convenient and efficient. Sentences written in ordinary language represent a triumph of efficient communication [35] .
Adaptive Network Based Fuzzy Inference Systems (ANFIS)
Adaptive Network based Fuzzy Inference Systems (ANFIS) are feed-forward adaptive networks which are functionally equivalent to fuzzy inference systems. The basic idea of ANFIS can be described as follows: A fuzzy inference system is typically designed by defining linguistic input and output variables as well as an inference rule base. However, the resulting system is just an initial guess for an adequate model. Hence, its premise and consequent parameters have to be tuned based on the given data in order to optimize the system performance. In ANFIS this step is based on a supervised learning algorithm [36] ).
Each types of fuzzy inference systems (type 1, type 2 and type 3) shown in Fig. 1 can be subjected to such a procedure. However, the complexity of the problem depends on the type of reasoning in the consequent part even if the results of all three types would not change significantly for the same data set. Therefore, in this section, Type-3 ANFIS (Takagi and Sugeno's fuzzy if-then rules are used. The output of each rule is a linear combination of input variables plus a constant term, and the final output is the weighted average of each rule's output) is explained which is least complex and hence used for the prediction of the TAS values. For simplicity, assume that the fuzzy inference system under consideration has two inputs x and y and one output f. Additionally, suppose that the rule base contains two fuzzy if-then rules of Takagi and Sugeno's type [37] as Related ANFIS architecture is shown in Fig. 1 .
Fig. 1. A simple two inputs and a single output of ANFIS structure
Note that the node functions in the same layer are of the same function family (all circles without parameters or square nodes with parameters) [38] .
The functions of each layer can be described as below.
Layer 1:
Each node i in this layer is a square node with a node function ) (
Where, x and y are the input to node i, and A i is the linguistic label (small, medium, large, etc.) associated with this node function. In other words, O 1,i is the membership function of A i and it defines the degree to which the given x satisfies the quantifier A i . Usually, the membership function ) (x Ai  is chosen to be bell-shaped with the maximum value equal to 1 and the minimum value equal to 0 such as, e.g., the generalized bell function (Fig. 2) .
Where, {a i , b i , c i } is the parameter set. As the values of these parameters change, the bell-shaped functions vary accordingly. Thus different membership functions on linguistic label Ai are characterized. In fact, any continuous and piecewise differentiable functions, such as mostly used trapezoidal or triangular-shaped membership functions can also be taken into account as qualified candidates for node functions in this layer. Parameters in this layer are defined as "premise parameters" [39] .
Layer 2: Every node in this layer is a circle node, which performs a fuzzy intersection operation on the incoming signals from the first layer and sends the result to the next layer.
Fig. 2. Meanings of the parameters in the generalized bell membership function
The equation on the left shows fuzzy intersection by the algebraic product, the second one the minimum intersection as they are called. Both variants are consistent extensions of intersection in classical set theory. Please note that every node output symbolizes the firing strength of a rule.
Layer 3:
Each node in this layer is a circle node such that the i-th node determines the ratio of the i-th rule's firing strength to the sum of all rules' firing strengths as
Outputs of layer 3 can be called normalized firing strengths.
Layer 4:
Each node in this layer is a square node with a node function that determines the output for corresponding rules weighted by its normalized firing strength such that ) (
Where i w is the output of the previous layer (layer 3) , and {p i , q i , r i } is the set of parameters which are called "consequent parameters" [40] .
Layer 5:
The single node in this layer is a circle node that calculates the overall output by using the weighted average defuzzification method as Fig. 3 shows an example of fuzzy partitioning of the input space in case of two inputs. Each of them is represented by three membership functions. So the input space is partitioned into nine fuzzy subspaces thus leading to nine fuzzy if-then rules in the ANFIS.
Fig. 3. Corresponding fuzzy subspaces for a two-input Type-3 ANFIS with 9 rules 4 Used Data and Results
Data in this study were taken a previously conducted study at Harran University School of Medicine by Associate Prof. Yusuf Sezen and his friends between 2008 and 2009. Prior to initiating subject recruitment, their study was approved by the local ethics committee of the university, in accordance with the ethical principles for human investigations, as outlined in the second Declaration of Helsinki. All subjects provided written informed consent prior to participating.
A total of 172 patients' Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP) age and TAS values were used to form fuzzy models. Of them 140 patients' values were selected as model data to construct fuzzy models and 32 of them were used as test data to check whether fuzzy models are suitable or not. Statistical values about model and test data can be seen in Table 1. I tried to choose patients who have different DBP, SBP and Age to investigate the effect of these on TAS. Therefore, I didn't select just one age, DBP or SBP. I tried to distribute both model and test patient group who has different age, DBP and SBP so that it reflects whole patient groups. Size and structures of our data limit our models. For example, if we have 3 inputs (using Gauss membership function and dividing two subsets in the fuzzy model) and 1 output then number of unknown parameters is 8 (premise) + 32 (consequent) = 40. On the other hand, if we add one more input into fuzzy model, number of total unknown parameters became 16+80 = 96. We have just 140 model and 32 test data. It is too difficult to get correct result using same data and 4 inputs and one output fuzzy model. Therefore, input variables can be divided up to 3 because of small number of data we have. Gauss2 membership function is used in the model which gives the best results according to the previous research [41] .
Different fuzzy models are constructed to obtain better (or best) results. Therefore 8 different fuzzy models are formed. These are M222, M232, M223, M233, M322, M323, M332 and, M333. The performance of the Fuzzy models was tested at the 140 model data and 50 test data. The differences between measured TAS and the Fuzzy model results at both model and test data are summarised in Table 2 . Coefficients of fuzzy model M222 (f1= A 1 *p+B 1 *q+C 1 *r+s, where A, B and C show SBP, DBP and Age respectively) can be seen in Table 3 . 
Test data

Fig. 7. Error percentage {(error/measured)*100} of TAS values at 32 test data
As we look at results from the model data, nearly 13 patient values are suspicious since patient values are calculated using all 8 fuzzy models and each model gave worse results with these patient values. These patient values can be incorrect. If we had more data, it is better to eliminate these 13 patient values and this leads to get best results. The same thing can be said for 5 test patient values.
Conclusion
Oxidative stress is a cell and tissue damage in a living organism because of reactivity properties of free oxygen radicals. Oxidative stress can play vital role in many diseases process such as ALS, Parkinson's disease, Alzheimer's disease, Huntington's disease, and Multiple sclerosis. Oxidative stress is thought to be one of the underlying pathophysilogical processes of epileptogenesis leading to epilepsy. During different use of antiepileptic drugs is known to increase oxidative stress.
When antioxidant defenses are weakened, body cells and tissues become more prone to developing dysfunctions and/or disease. Then, the maintenance of adequate antioxidant levels, but not overdosage, is essential to prevent or even manage a great number of disease conditions.
Recently published studies have revealed oxidative stress to be independently related to coronary artery disease CAD. However, it unclear whether oxidative stress is a natural cause of CAD or the result of several metabolic pathways. However, irrespective of how it occurs, it has been concluded that oxidative stress has some causative role in atherosclerosis formation. Levels of total antioxidant serum (TAS) reflect the total effect all antioxidants found in plasma and body fluids.
TAS value is measured at the laboratory so far. This is the first study that estimates TAS values using fuzzy logic using DBP, SBP and age values instead of measuring.
In this study, we investigated that the effects of three different antiepileptic agents on oxidative stress. Levels of total antioxidant serum (TAS) reflect the total effect all antioxidants found in plasma and body fluids. Therefore, we formed 8 different fuzzy models to estimate TAS value of patients. We formed fuzzy models as DBP, SBP and age values as inputs and TAS values as output in the fuzzy models. Results showed that fuzzy model can be used to predict patient TAS values. If we got more patients data, we can estimate TAS value of patients more accurately.
It is very important to predict TAS values of patients to determine their treatment process. Furthermore, if we get sufficient numbers of accurate data, fuzzy model can provide better results and this can save one more life which is priceless.
